The hydrodynamic theory is generally accepted as an explanation of hypersensitive dentin and suggests that occlusion of exposed dentinal tubules should result in a reduction of hypersensitivity. We tried to block tubules by in situ precipitation of insoluble calcium phosphate. Calcium phosphate crystals precipitated in situ on patent dentin surfaces and formed in the tubules immediately upon serial application of sodium phosphate and calcium chloride solutions, thus occluding the tubules. The size of crystals, their degree of coverage, and the thickness of the precipitate depended on the method of application and concentration of the solutions.
INTRODUCTION
Dentin hypersensitivity is one of the least successfully treated chronic dental problems. Many agents and methods of treatment have been described and used in the past. Indeed, claims have been made that all of the following chemical agents can be effective in the treatment of hypersensitive dentin1-3): sodium fluoride, stannous fluoride, sodium monoflurophosphate, potassium oxalate, potassium nitrate, potassium ferrocyanide, strontium chloride, zinc chloride, sodium citrate, silver nitrate, silver iodide, silver diaminate, formaldehyde, resins and adhesives, and glucocorticoids.
Although several theories have been suggested for hypersensitive dentin, it appears that the hydrodynamic theory is generally accepted and that the mechanical blocking of tubules by the precipitation of compounds or by surface coating is required of effective desensitizing agents4). Almost all the agents described above are effective in so far as they are capable of occluding the dentinal tubules. No single agent, however, appears to fulfill the requirements suggested by Grossman in 19345): In particular, desensitizing agents should (1) not unduly irritate or endanger the pulp; (2) be painless on application, or shortly afterward; (3) be easily applied; (4) be rapid in action; (5) be permanently effective, and (6) not discolor tooth structure.
It would appear that further research is therefore needed. Currently available desensitizing agents and methods usually involve 1-step medication, despite the fact that such medication generally seems less effective than 2-step methods in reducing the dentinal fluid flow rate, and thus, dentin sensitivity. Greenhill On the other hand, the present authors elected to focus on 2-step medications that produce precipitates.
As a starting point, we first selected a combination of sodium phosphate and calcium chloride as it seemed to be the most physiological combination, and in this paper we report on the preliminary results obtained.
MATERIALS AND METHODS
Treatment solutions: Aqueous solutions of 2.5, 5, and 10% disodium phosphate (NaP), and 5, 10, and 20% calcium chloride (Ca) were adjusted to pH 7.4 with 5% monosodium phosphate and 5% hydrochloric acid solution, respectively.
In vitro experiment:
The dentin surface of bovine anterior teeth was exposed by cutting with a diamond saw* and was used without further preparation in the experiment. The dentin surface was treated with 0.5 M EDTA solution (pH 7.4) for 1min, washed with water, and NaP followed by Ca was applied using a cotton swab. The specimen obtained was washed with water, dried, sputter-coated with gold/palladium and examined on a scanning electron microscope**. In vivo evaluation: Thirty eight patients complaining of hypersensitivity ranging in age from 20 to 75 years were enrolled in the study. Each tooth was treated and evaluated according to the following protocol: (1) oral hygiene, (2) water rinse followed by drying, (3) application of 5% NaP with a cotton swab followed immediately by rubbing with 10% Ca using another cotton swab, (4) reaction for 15s, (5) mouth rinse, and (6) testing of the patient's immediate response to air blast. Figure 1A shows a surface treated with 5% NaP followed by topical application of 5% Ca, revealing a heterogeneous appearance with some areas covered by large crystals while other areas have practically none. Figure 1B shows the surface treated with the same solutions as used in Fig. 1A , but with the 5% Ca applied by rubbing, and reveals an entirely different appearance characterized by a very homogeneous covering of fine crystals and penetration of the precipitate into tubules. Figures 2A through 2D are comparison of surfaces treated with different concentrations of NaP and Ca. Treatment with 2.5% NaP plus 10% Ca ( Fig. 2A) did not occlude the tubule orifices, while the dentin surface was completely Table 1 In vivo evaluation summary covered with very heavy precipitate when treated with high concentration of NaP and Ca (Fig. 2D) .
RESULTS
Figures 3A and 3B show the dentin surface treated with 5% NaP and 10% Ca followed by 100 and 300 brushings, respectively.
The specimen was brushed by hand without a dentifrice. Although the precipitates occluding the tubule orifices and on the surfaces were cleaned off by brushing, those within the tubules remained. Table 1 shows a summary of the preliminary results of in vivo evaluations. The sequential application of 5% NaP and 10% Ca yielded immediate relief from hypersensitivity in 84% of patients treated.
DISCUSSION
Calcium phosphate crystals precipitated on the dentin surface and in the dentin tubules immediately upon sequential application of disodium phosphate and calcium chloride. The size of the crystals, their degree of coverage and the thickness of the precipitate depended on the method of application of the second solution and the concentration of the solutions. The Fig. 2 The effect of the concentration of solutions on the surface appearance of dentin treated with disodium phosphate followed by rubbing with calcium chloride . higher the concentration of the solutions, the denser and heavier the precipitates were and the thicker the layer of precipitate occluding tubular orifices became. Higher concentrations of the solutions are not necessarily appropriate since heavy precipitate forming instantly on the surface tends to restrict diffusion of ions into the tubules and therefore leads to decreased penetration of crystals into the dentinal tubules. Moreover, heavy precipitate formed mainly on the surface is easily removed by brushing. A combination of 5% sodium phosphate and 10% calcium chloride seemed sufficient to block the dentinal tubules, since the treatment resulted in relief of pain in 84% of patients. We believe improvement in 84% of patients is rather impressive considering the fact that tooth pain arises due to various causes and mechanisms7,8). Although the order of application of the solutions appeared to be virtually unrelated to the results, application of the lower concentra-DENTIN DESENSITIZATION BY CALCIUM PHOSPHATE 171 Fig. 3 The surface of dentin brushed after treatment with 5% sodium phosphate followed by rubbing with 10% calcium chloride.
(5000X) The precipitates are still seen in the tubules after brushing. A: After 100 brushings. B: After 300 brushings.
tion solution first is preferable in patients since low osmolarity minimizes irritation of pulp.
Althogh no following study was done, the treatment benefits seem to last at least 1 month since only 1 patient of the 38 treated visited a dental clinic with recurring hypersensitivity during the 1 month following the treatment. Moreover, the other patients have still not returned to dental clinics despite 2 to 12 months' having passed since the treatment. Of course, we assume patients would visit a clinic if hypersensitivity recurred.
Moreover, this treatment might well be utilized in diagnosing the cause of dental pain, since noneffectiveness of the treatment would tend to exclude the possibility of exposed dentinal tubules and point to other causes such as caries, inflammation of pulp, or alteration of pulpal sensory nerve activity.
Calcium phosphate formed in the tubules is expected to promote the natural occlusion of peritubular dentin, the physiological response of teeth to dentinal sensitivity9). Moreover, in situ precipitation of calcium phosphate may be useful not only in treating dentin hypersensitivity, but also for the post-periodontal surgical treatment of patients.
Indeed, it might well be used as a liner or base for protecting pulp before application of dental adhesives and resins. 
